The influence of the orientational selectivity of a chemical reaction on the diffusion controlled effective reaction rate is investigated theoretically for the following situation: Nonspherical molecules with random orientation are put into a chemically inert solution a t a plane which is a certain distance away from the parallel reaction plane. The reaction frequency at the surface shall depend on the orientation of the figure axis of a molecule relative to the normal of the reaction plane. With a special choice for the orientational dependence of the surface reaction, a continued fraction expansion is derived for the diffusion controlled effective reaction rate. This quantity is discussed and displayed graphically as function of the relevant parameters. equation which governs the orientational distribu tion function of the diffusing molecules, secondly, on the formulation of the boundary condition at the reaction surface and, thirdly, on the definition of the effective reaction rate. Part II of this paper is devoted to the calculation of the effective reaction rate for a relatively simple case. It is supposed that molecules with random orientation are put into the solution at a constant rate and with a prescribed density at a plane which is parallel to the reaction plane and the distance L away from it.
The probability of reaction at a single encounter of two molecules, in general, depends on their mutual orientation. The resulting orientational selectivity of the reaction frequency is of great importance in chemical reactions which are of biological relevance [1] . Many of these processes occur in solutions where the effective reaction rate is controlled by diffusion [2] . In this paper, the influence of the orientational selectivity of the elementary reaction frequency on the diffusion controlled effective reaction rate is studied for the case where one of the reaction partners is a (plane) surface. The other reactants are nonspherical molecules (put into the solution with random orientation) which diffuse towards the reaction surface. The surface reaction frequency shall depend on the orientation of the molecules with respect to the reaction surface. With a special choice for this orientational dependence, an exact expression can be obtained for the effective reaction rate coefficient.
The effect of a chemical asym m etry on the diffusion controlled reaction rate has first been discussed by Sole and Stockmayer [3] for the case where both reaction partners undergo a diffusive motion.
For a theoretical investigation o f the somewhat related problem where spherical particles diffuse towards a sphere where only part of the surface is reactive see [4] .
This article proceeds as follows. In Part I, some general remarks are made, firstly, on the kinetic Reprint requests to Prof. Dr. S. Hess, Institut für Theoreretische Physik, Glückstr. 6, D-8520 Erlangen. equation which governs the orientational distribu tion function of the diffusing molecules, secondly, on the formulation of the boundary condition at the reaction surface and, thirdly, on the definition of the effective reaction rate. Part II of this paper is devoted to the calculation of the effective reaction rate for a relatively simple case. It is supposed that molecules with random orientation are put into the solution at a constant rate and with a prescribed density at a plane which is parallel to the reaction plane and the distance L away from it.
The surface reaction frequency is assumed to be proportional 1 -f-ß cos ft where ft is the angle between the figure axis of a molecule and the normal vector of the reaction plane. The quantity ß (with -1 ^ /S ^ 1 ) is a measure for the orientational selectivity of the surface reaction. Furthermore, for simplicity, correlations between the orientation and the diffusion of the molecules are disregarded. Then, expansion of the distribution function in terms of Legendre polynomial P j depending on cos ft and use of the moment method leads to uncoupled differential equations for the number density and averages of the P j . The stationary solutions of these generalized diffusion equations contain un known coefficients which have to be determined from the reactive boundary conditions. For /?#=(), a set of coupled equations is obtained for the unknown coefficients. These equations can be solved for the ratio between the number densities at the reaction and injection surfaces. It is this quantity which is needed for the effective reaction rate kett. The solution is expressed in terms of an infinite continued fraction expansion with respect to ß2. In Part III, the obtained results is discussed in some detail. Firstly, the case ß = 0 (no orienta tional selectivity) is considered. The effective reaction rate kett depends on L/Lo where Lq is a characteristic length determined by the diffusion coefficient and the surface reaction rate. Secondly, and this is the main point of this paper, the case ß + 0 is studied. In this case, the effective reaction rate depends also on the ratio h/Lo where l\ is the decay length of a spatially inhomogeneous average of P i . Some graphs are presented which show the dependence of the difference between the reaction rates for /?=4=0 and ß = Q as functions of LqL~1, L0h -\ and ß. The effect of the orientational selectivity of the surface reaction on the effective reaction rate is largest for LxjL q. The relative differences between ken for ß = 1 and ß = 0 can be of the order of 10% under suitable conditions. It should be mentioned that correlations between the diffusing particles which become of importance at higher concentrations, competition between various reaction sites and possible saturation effects have been disregarded. For a discussion of these points e.g. see [5] . 
I. General Remarks

Distribution Function, Kinetic Equation
where n is the number density of the molecules. The local average <¥/ ) of a quantity W =W (u) is, as usual, given by
The time evolution of / is assumed to be governed by the kinetic equation In general, the Eq. (3) has to be supplemented by initial and boundary conditions. For a steady state to be considered in the following it suffices to state the boundary conditions. 
Boundary Conditions for Surface Reactions
Let
Effective Reaction Rate and Reaction Frequency
As usual, the effective reaction rate coefficient keu is defined by [2, 3] I = keu n i .
It is recalled that n\ is the number density at the surface where the molecules start rather than their density at the reaction surface. W ith an effective reaction frequency veti defined bŷ eff ni = jv(u) f(r, u) d2u
one has
In (8), it is understood that / has to be taken at surface II. The remainder of this article is devoted to the calculation of the effective reaction frequency and the ensuing effective reaction rate for a simple case.
II. Calculation of the Effective Reaction Rate
Choice of a Simjple Special Case
To focus the attention on the effect of the orientational selectivity of surface reaction on the diffusion controlled effective reaction rate, a simple geometry is considered and the correlation between molecular orientation and the diffusional motion in the interior of the fluid is ignored.
In where Rt and RT are effective radii of a diffusing solute molecule which depend on the molecular shape. The subscripts "t " and "r" refer to the "translational" and "rotational" motions associated with the diffusion in real space and in the orienta tional space. The number density n and the expansion coefficients % = w < P /) s j = 1 , 2 , . . . , 
Diffusion-Relaxation Equations, Steady State
In a spatially homogeneous system, the quantities rij relax with the orientational relaxation times The value n(L) of the number density and the values rij (L) of rij at plane II have to be determined from the boundary condition (5). Before this is done, it is shown that the expression (8 ) for vett can be cast into an alternative form which will be used in the following.
Alternative Expression for the Effective Reaction Frequency
Integration of Eq. (5) over the molecular orien tation (i.e. over d2w) and use of (17) In general, n(L) occurring in (20) is nonzero. It has to be determined from the boundary condition.
Consequences of the Boundary Condition
Before the boundary condition (5) at surface II can be applied, the dependence of the reaction frequency v on the angle & between u and ex has to be specified. Here, the case 
this quantity can also be expressed as N ext, the more interesting case ß 4=0 is discussed in some detail.
Influence of the Orientational Selectivity on the Effective Reaction Rate
The influence of the orientational selectivity of the surface reaction associated with ß 4 = 0 on the effective reaction rate is best studied by considering 
For given q, the physically meaningful range of Ko is restricted to K o < q corresponding to L > 1\. It is recalled that l\ is a length of the order of the linear dimension of a diffusing molecule (unless, at higher concentrations, collective phenomena lead to a kind of a pretransitional slowing down of the relaxation time t i and consequently to a which is significantly larger than a molecular dimension [9] . The parameter L/li occurring in connection with Fig. 2 is equal to qKo-1 .
Next, it is noticed that the continued fraction for H (ß) which is needed in order to evaluate e and Ak* from (38) can be rewritten as difference between the two approximations is small and for | ß | < 0 .7 it can practically be disregarded.
Concluding Remarks
In this article, the influence of the orientational selectivity of a surface reaction on the diffusion controlled reaction rate has been studied with a special choice for the surface reaction frequency, cf. Equation (23). This has the advantage that the effective reaction frequency can be expressed in terms of a rather rapidly converging continued fraction. With a more general surface reaction frequency, recourse has to be made to a different solution method, e.g. a variational principle. From the present investigation, however, some conclu sions can be drawn which should hold true in general. Close to the reaction surface, molecules with unfavorable orientation pile up in a layer which has a thickness of several "mean free path" Zi as defined by Equation (19). The effect of this reaction induced alignment on the reaction rate can be disregarded if the distance L between the injection and reaction planes is very large compared with l\ . A second length scale, viz. Lq as defined by Eq. (34), is of importance for the effective reaction rate. For L > L0, the completely diffusion dominated situation, the effective reaction rate is given by a Smoluchowski type of expression with an orienta tion averaged reaction frequency. Effects associated with the reaction induced alignment become most pronounced for L^L q. In the present case, the changes caused by the alignment are relatively small, cf. Figures 6 , 7 . This, however, might probably be different for a surface reaction where molecules in a narrower range of orientations are accepted.
Incidentally, it seems worthwile to consider reactive boundaries within the framework of the general theory of boundary conditions for transport-relaxation equations and for their underlying kinetic equation as developed by Waldmann [10] .
Finally it deserves mentioning that the present investigations can be extended to study the influence of an orienting (electric or magnetic) field, as well as of the correlation between translational motion and orientation, on the diffusion controlled reaction rate.
